X-ray diffraction pattern was measured using a Bruker D2 Phaser diffractometer operating with a cobalt Kα 1,2 X-ray tube (λ 1 = 1.78897Å (intensity ratio: 1), λ 2 = 1.79285Å (0.5), 30 kV, 10 mA). Data were recorded in a step-scan mode between 2θ values of 20
• and 100
• with 0.01 • -step. Phase analysis was performed using the program MAUD. Diffraction peak fitting ( Figure S1 ) reveals that the sample is 98.4% FeTiO 3 . The remaining 1.6% of impurities are assigned to TiO 2 and Fe 2 TiO 5 . Hematite (Fe 2 O 3 ) was not detected. The hexagonal unit-cell parameters obtained from the crystal structure analysis of the ilmenite phase are: a = 5.08970 ± 8.5 · 10 −5Å , c = 14.09392 ± 1. in the decrease of the unit-cell parameters, the most significant effect being visible on the parameter c. Figure S1 : X-ray powder diffractogram of the studied sample and phase analysis revealing 98.4% of FeTiO 3 . Diffraction peaks from impurities are indicated.
S3
2 Crystal field multiplet calculations
The list of the parameters used for the calculations is provided in Table S1 . The zero order integrals are omitted as they only contribute to the global energy off-set of a given electronic configuration. 
Spin-orbit coupling
Crystal 
E1E1 and E2E1 contributions to the CIE cuts
Here we compare the spectral shape of the CIE cuts from the E2E1 (E2 absorption and E1 emission) RIXS map and E1E1 (E1 absorption and E1 emission) RIXS map. Because they arise from the same intermediate state, followed in both cases by E1 emission, the shapes of the CIE cuts from the E2E1 and E1E1 are similar. Small differences are observed and correspond to the horizontal broadening due to the lifetime of the intermediate state. 
